abStRaCt Platinum-group minerals (PGM) have been identified in chromitite from two localities in the Pindos ophiolite complex in Greece, Milia and Korydallos. At Milia, the PGM are predominantly Os, Ir, and Ru, i.e., IPGE-bearing, as is typical of many chromitites in ophiolitic complexes; they consist mainly of IPGE alloys and sulfarsenides rather than laurite. At Korydallos, the assemblage is dominated by Pt-and Pd-bearing PGM characteristic of rarer Pt-and Pd-enriched ophiolites. These PGM include Pt-Pd alloys with the base metals Ni, Cu, and Fe, and traces of Au, PGM arsenides and sulfarsenides, sperrylite and members of hollingworthite -irarsite -platarsite solid-solution series. The base-metal-enriched minerals at Korydallos include a Cu-rich Pd-Pt alloy and a Ni-Fe alloy with 1-2% Pd. The association of Pt-and Pd-bearing PGM with base metals suggests that these PGE were collected by small quantities of immiscible sulfide liquid. The PGM are irregular in shape and are located almost exclusively in the altered silicate matrix interstitial to the chromite grains, on the edges of chromite grains, and in veins of silicate cross-cutting chromite. We suggest that the IPGE-bearing and Pt-and Pd-bearing PGM alloys and sulfarsenides are secondary and were formed by loss of sulfur and gain of arsenic during serpentinization. A further stage of alteration produced oxides and hydroxides of Pd around the PGE-bearing alloys and arsenides.
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The PGM were located with the LEO 360 scanning electron microscope at Cardiff University. Owing to the small size of the PGM, the use of the four-quadrant back-scattered detector on the SEM to locate the PGM was much more efficient than using a conventional optical microscope. The PGM were located using a magnification of 50. Analyzes were made using an Oxford Instruments INCA energy-dispersive X-ray system (EDX). Operating conditions consisted of an accelerating voltage of 20 kV, a probe current of 1 nA and a working distance of 25 mm. Cobalt standards were frequently analyzed to check for instrument drift. Pure element standards for PGE, Au, Co, Ni, Fe, Cu and Cr, and Al 2 O 3 (Al), FeS 2 (S), InAs (As) and SiO 2 (Si and O) were used, supplied by Microanalysis Consultants (U.K.).
Quantitative analyses were made for Pt-Fe alloys, sperrylite (PtAs 2 ), members of hollingworthite -irar-
INtRODUCtION
The presence of platinum-group elements (PGE) and platinum-group minerals (PGM) in the chromite deposits of Greece has been recorded by several authors (Augé 1986 , Legendre & Augé 1986 , Konstantopoulou & Economou-Eliopoulos 1991 , Economou-Eliopoulos 1996 , Tarkian et al. 1992 , Economou-Eliopoulos & Vacondios 1995 , Garuti et al. 1999 . In general, the PGE contents are low (a few hundreds of ppb). However, more anomalous values do occur, with enrichment in Pt and Pd (up to 7 ppm total PGE), as recorded in the Pindos ophiolite complex, in northwestern Greece and also in Ir-Ru-Os (i.e., IPGE enrichment) in chromitite in Skyros island in the Aegean, east of Euboea Island, and up to 25 ppm total PGE in Veria, 20 km east-northeast of Pindos (Tarkian et al. 1996 , Tsoupas & Economou-Eliopoulos 2005 .
The chromitites from the Milia and Korydallos areas in the Pindos ophiolite complex (Fig. 1) have been investigated by Economou-Eliopoulos & Vacondios (1995) , Tarkian et al. (1996) , and Economou-Eliopoulos et al. (1999) . They recorded PGE values for the samples examined in this study, plotted chondrite-normalized graphs, and provided compositions of the accompanying base-metal-bearing minerals, including heazlewoodite and awaruite and a preliminary list of PGM. The aim of this investigation is to carry out an in-depth study of the PGM in samples with the most anomalous PGE concentrations, in order to further the understanding of the metallogenic controls on the concentration of PGE in ophiolite complexes.
MetHODS
Samples of chromitite from podiform chromitite sites at Korydallos and Milia were chosen for this study because of their high PGE values. Samples from Milia have elevated Os, Ir, Ru and lower Pt, Pd and Rh values than samples from Korydallos, as shown in Table 1 , which is taken from Tarkian et al. (1996) . Polished thin sections from samples M2 from Milia and 165, 170, 174, 182, 188 and 193 from Korydallos (Gournes) were examined for PGM with two polished sections from 165, 182, 188 and 193 and only one from M2, 170 and 174. The number of PGM grains found in each section is shown in Table 2 .
site -platarsite solid-solution series, a Pd-and Pt-rich Cu alloy, Pd-Pt-Cu oxide and hydroxide, one grain of laurite, and Ni-Fe alloy containing 1-2% Pd in solid solution (Table 3) . Qualitative analyses were undertaken on PGM that were either too small (less than 2 mm) or too inhomogeneous for quantitative analysis. Pd-bearing oxides and hydroxides were analyzed for oxygen. We also calculated the amount of oxygen by stoichiometry, and OH was assumed present where totals are low (Table 4) .
ReSUltS
The PGM were observed in all the sections except number 170. Thirty grains of PGM were observed in section M2 from Milia, and approximately 100 grains of PGM have been located in samples from Korydallos. Many of these PGM occur in composite clusters. The PGM assemblages from Milia and Korydallos are different. The first is dominated by Os, Ir, Ru and Rh arsenides and alloys, whereas the second contains mostly Pt-Pd-base metal alloys (Table 2) .
The PGM in samples from Milia (Fig. 2) are all less than 5 mm in size and usually less than 2 mm. They are all surrounded by altered silicate minerals whether enclosed in chromite or in interstitial silicates. They are all irregular in shape and mottled, showing inhomogeneity of composition. They are mainly Os-Ir-Ru-Rh-(±Ni) alloys with minor Pt, rarely altered to an oxide phase or sulfarsenides of Pt-Rh-Ir-Os-Ru. One 1.8  1.0 mm grain of Au-Pd alloy was observed.
tHe PgM FROM KORyDallOS
The most common PGM in samples from Korydallos (Fig. 3) is a Pt-Fe-Ni alloy. Over fifty grains of this phase have been identified. Also, more than thirty grains of Pd-Pt-bearing alloy have been located, and nine grains of Pt arsenides, most likely sperrylite similar to that analyzed by Tarkian et al. (1996) . Other rare PGM include one grain each of a member of the hollingworthite -irarsite -platarsite solid-solution series and laurite, and several grains that are too small for quantitative analysis including alloys of Os-Ir-Ru, Os-Ru-Pt, Pt-Rh, Pt-Cu and a number of grains of an alloy of Pd associated with base metals. Palladium occurs in solid solution in the Ni-Fe alloy, and Pd and Pt occur in a Cu-rich alloy (Table 3 ). The composite PGM commonly are mottled and include PGE oxides.
The PGM in samples from Korydallos range from approximately 1  1 to 20  30 mm in diameter. The most common PGM tend also to be larger than the scarce ones, which have diameters of less than 5 mm. The grains of Pt-Fe alloy, Pt-Pd alloy, sperrylite and the hollingworthite -irarsite -platarsite series are generally between 5 and 15 mm in diameter, and a composite grain of a Pd-Pt-Cu-rich PGM alloy and a Pd-Pt-bearing Cu alloy are 30 mm in diameter.
Alloys
Grains of Pt-Fe-alloy, ranging from 20  16 mm to 1-2 mm in diameter, are present in composite PGM grains. This alloy contains varying amounts of Ni and Cu (Fig. 3A) . In sample 193, several of these alloy grains contain up to 3.5% Au and are in some cases zoned, with a greater Pt content in the center than at the edge (Fig. 3B , analyses 32 and 33 in Table 3 ). The Pt-Fe-Ni alloy commonly occurs associated with and on the edge of Ni-Fe alloy grains, surrounded by altered Pindos on the Greek peninsula (simplified after Migiros et al. 1986 ).
silicate and interstitial to chromite grains (Fig. 3C , anal. 37, Table 3 ). Rarely, grains of Pt -Pd -base metal alloy occur in association with Ni-Fe-Co sulfide, which may be altered along its edge to Ni-Fe alloy (Fig. 3D) . In one case, a Fe-Ni alloy encloses a Pt-Fe-Ni alloy and a Ni arsenide (Fig. 3E ). Palladium-bearing alloys commonly occur with a Pt-Pd-bearing Cu-rich alloy (Fig. 3D ) and a Pd-Cu PGM alloy as composite PGM. A typical composite Pt-and Pd-bearing PGM (Fig.  3F ) in a common textural setting for these PGM, occurs in chromian chlorite situated between the edge of a chromite grain, itself altered to ferrian chromite, and serpentine interstitial to the chromite grains. The composite PGM is composed of a cluster of 2  3 mm grains of Pt-Ni-Fe alloy (anal. 21, Table 3 ) and a Pd-Cu alloy surrounded by Ni-Fe alloy and a Pd oxide (Table 4) . In a few cases, grains of Pt-Fe-Ni alloy have formed along the edge of chromite grains as extremely elongate irregular PGM (Fig. 3G ). In one case, a stringer of Pt-Fe-Ni alloy occurs in a crack in a chromite grain (Fig. 3H ). The alloy is wider at the edge of the chromite grain, narrowing inward along the crack toward the center of the grain.
Pt-bearing arsenides and sulfarsenides
Several grains of sperrylite occur in samples 174 and 188. One grain is situated in altered chromite, lining an internal crack through the grain (Fig. 3I , anal. 16, Table 3 ), another forms a composite grain with Pt-Ni- Table 3 ) surrounded by Pt-Fe-Cu-Ni alloy (pale grey) with an edge of Pt-Fe-Ni (left, grey) all surrounded by serpentine (black). Scale bar represents 8 mm. C. Pt-Ni-Fe alloy (Pt-Ni, white) (anal. 37, Table 3 ) adjacent to a grain of Ni-Fe alloy (pale grey) surrounded by altered silicate (Si, black) and chromite grains (Chr, grey). Scale bar represents 30 mm. D. Composite grain of Ni-Fe-Co-S (Co, grey) adjacent to inhomogeneous grain of Ni-Fe alloy (pale grey) with a composite PGM grain of Pt-Pd-Fe-Cu-Ni alloy (white) partially surrounded by a Cu-Pt-Pd-bearing mineral (Pt-Pd, also white and, in this photomicrograph, indistinguishable from the Pt-Pd-Fe-Cu-Ni alloy), all surrounded by chromite (Chr, dark grey). The chromite is cut by a crack filled with altered silicate (black, Si). Scale bar represents 30 mm. E. A composite grain of a Pt-Fe alloy (white) located within Fe-Ni alloy (grey) that hosts a Ni arsenide (Ni-As, pale grey), all surrounded by altered silicate (Si, dark grey). Scale bar represents 30 mm. F. A composite PGM grain located in chlorite (Chl, very dark grey) with ferrian chromite (Fe-Cr, grey) on the edge of a chromite grain (Chr, grey) adjacent to interstitial serpentine (Srp, black). The grain consists of three grains of Pt-Ni alloy (white, anal. 21, Table 3 ) and three grains of Pd-Cu alloy (pale grey) surrounded by Pd hydroxide (Pd-OH, dark grey, anal. 3, Table 4 ) and Ni-Fe alloy (pale grey). Scale bar represents 10 mm. G. An elongate Pt-Fe-Ni alloy (white) in chlorite (dark grey) and aligned along the edge of a chromite grain (grey). Scale bar represents 20 mm. H. Pt-Ni-Fe alloys (white) in a crack in chromite (grey) and ending in altered silicate (dark grey). Scale bar represents 30 mm. I. Sperrylite (white, anal. 16, Table 3 ) enclosed in altered chromite near a crack in a chromite grain. Scale bar represents 20 mm. J. Sperrylite (Pt-As, white) surrounded by a Ni arsenide (Ni-As, grey) with attachments of a Pt-Ni alloy (white) and a Pt-Cu alloy (pale grey) at either end. The composite PGM is located at the edge of a chromite (Chr) grain and adjacent to altered silicate (Si, black). Scale bar represents 6 mm. K. Sperrylite (larger white grain, anal. 8, Table 3 ) adjacent to a zoned mineral belonging to the hollingworthite -irarsite -platarsite solid-solution series with a tiny (0.8  0.4 mm) white Pt-rich hollingworthite enclosed by an Ir-rich member (pale grey) in the center and a Rh-rich member (dark grey) on the rim (anal. 12 and 13, Table 3 ) all surrounded by silicate (black). Scale bar represents 10 mm. L. A composite grain consisting of Cu-Pd-Pt alloy (Cu, grey, anal. 50, Table 3 ) hosting two grains of Pt-Fe-Cu alloy (Pt-Fe, white) and two grains of Pd-Cu-Sn (Sn, pale grey), and ferrian chromite on the edge (Cr-Fe, dark grey) all surrounded by serpentine (Srp, black). Scale bar represents 10 mm. M.
Composite PGM on the edge of a grain of chromite (Chr, dark grey) partially surrounded by Ni-Fe alloy (grey) with altered silicate (Si, black) located between the chromite and the PGM. The PGM consists of a Pt-Fe alloy (Pt-Fe, white) adjacent to a Pd oxide (Pd-Ox, grey and cut by darker cracks, anal. 1, Table 4) Fe alloy (anal. 8, Table 3 ). In a composite PGM grain on the edge of a grain of chromite adjacent to silicate, sperrylite is surrounded by Ni arsenide and alloys of Pt-Cu and Pt-Rh-Ni-Cu (Fig. 3J ). Another grain of sperrylite is attached to a zoned grain of hollingworthite with an Ir-rich center and a Rh-rich rim (Fig. 3K , anal. 12 and 13, Table 3 ) hosted by silicate. Also, two grains of sperrylite are surrounded by hollingworthite containing Os and Ir (anal. 6, Table 3 ) located on the edge of a chromite grain. Rhodium is rare in this PGM assemblage; it occurs in hollingworthite as a finegrained (1-2 mm) Rh-Pt alloy.
Pd-bearing minerals
A Cu-rich alloy of Pd and Pt is common (anal. 36 and 50, Table 3 ). It occurs with and generally surrounds other Pt-and Pd-bearing alloys. These PGM are commonly located in secondary silicates or at the edge of chromite grains. For example, the largest (20  30 mm) PGM is a Cu-rich alloy of Pt and Pd (anal. 50, Fig. 3L ) located in serpentine 20 mm from the edge of a chromite grain. It encloses a 4  3 mm grain of Pt-FeCu-Ni alloy and a 2  0.5 mm grain of Pd-Cu-Sn alloy. One grain of Pd-Fe-Ni alloy, 16  10 mm in diameter, was observed in sample 188 (Fig. 3M) . It hosts inclusions of irarsite and a Pt-Fe alloy and is located at the edge of a Ni-Fe alloy adjacent to pentlandite. Other Pd-dominant alloys with base metals include five grains of a Pd-Cu alloy including Pd-Sn, Pt-Pd-Sn, Pd-Pb, Pd-Fe-Ni, and a Pd-Sb-Cu alloy with minor Pb, all too small for quantitative analysis. The grains of Pd-Cu alloy are only 1-2 mm in diameter and occur in composite PGM with Pt-Fe alloy or sperrylite. In one case, a Pt-Pd-Cu alloy occurs with a rectangular grain of Pd-Sn (Fig. 3N ). This composite grain forms one of a cluster of PGM, and cracks between these PGM are filled by Pt-Pd-Cu alloy. A composite PGE-bearing grain, 30 mm in diameter, situated in altered silicate surrounded by chromite grains, consists of a Pt-Pd-Cu alloy surrounding a Cu-rich alloy of Pt and Pd, located on the edge of a very inhomogeneous mass of finely intergrown PGE-bearing minerals including Pt, Pd, Os and Ru and base metals (Fig. 3O) . Also, Pd is present at concentrations of 1-2% (anal. 20, Table 3) in awaruite (Ni 3 Fe) not associated with PGM (Fig. 3P ) and where it is in composite grains with PGM (Fig. 3Q) .
Os-, Ir-and Ru-bearing PGM
In the Korydallos samples Os-, Ir-and Ru-bearing PGM are rare. One 4  4 mm euhedral grain of Os-and Ir-bearing laurite enclosed in chromite was analyzed (Fig. 3R , anal. 41, Table 3 ). A roundish composite PGM grain, 8  10 mm in diameter, with an irregular ragged edge, composed of many patches of Os-Ru-Pt alloy and Pd-Pb-Cu antimonide, is located in altered silicate 2 mm from the edge of a grain of chromite (Fig. 3S) .
PGE oxides and hydroxides
PGE oxides are associated with and locally partly surround the PGM alloys, appearing to form a product of alteration. A composite PGM of Pd oxide (anal. 1, Table 4 , Fig. 3M ) with inclusions of irarsite, adjacent to a Pt-Fe alloy, is situated near the edge of a chromite grain and is partially surrounded by a composite grain of Ni-Fe alloy and pentlandite. Another grain of Pd oxide, containing inclusions of Pt-Ni-Fe-Cu alloy, occurs at the edge of a chromite grain and is surrounded by altered silicate (anal. 2, Table 4 , Fig. 3T) . A composite PGM grain located in chlorite, in close association with ferrian chromite at the edge of a chromite grain, and adjacent to interstitial serpentine, associated with Pt-Pd alloy (anal. 3, Table 4 , Fig. 3F ) is a Pd-bearing mineral. It could be a hydroxide because when all elements are analyzed including oxygen, the total is 99.91%; when oxygen is measured by difference, the stoichiometry results in a total of 93.83% suggesting the presence of ~6% of H 2 O.
DISCUSSION
Ophiolitic chromitite is known to be enriched in the IPGE, unlike its surrounding host lithologies (Talkington et al. 1984 , Stockman & Hlava 1984 , Augé 1986 , Constantinides et al. 1980 , Ahmed & Arai 2003 , Malitch et al. 2003 , Garuti et al. 1999 ,Uysal et al. 2005 , Zaccarini et al. 2005 . In addition to this enrichment in IPGE, significant concentrations of Pt and Pd and Pt-and Pd-bearing PGM have been discovered associated with some ophiolitic chromitite. These Pt and Pd concentrations are more commonly located in the associated dunite or disseminated chromite than in the chromitite itself. Examples include Bulqiza in Albania (Ohnenstetter et al. 1999) and in the crustal sequence in both Leka in Norway (Pedersen et al. 1993) and Shetland in the UK (Prichard et al. 1986 , Prichard & Tarkian 1988 .
However Pt-and Pd-enrichment in chromitite itself does occur in the mantle sequence both at Cliff in the Shetland ophiolite ) and in Leka (Pedersen et al. 1993) and in chromitite in crustal sequences in the Zambales ophiolite complex in the Philippines (Bacuta et al. 1990) , in New Caledonia (Augé et al. 1998) , and in Thetford mines in Quebec (Corrivaux & Laflamme 1990) . Enrichment in Pt and Pd also occurs in chromitite at Pindos (Tarkian et al. 1996 .
Pt and Pd enrichment
Some chromitite and its surrounding host dunite in ophiolites are Pt-and Pd-rich, whereas others are Pt-and Pd-poor. This variability probably depends on the degree of mantle melting that occurred to produce the ophiolite (Prichard et al. 1996) . Greater degrees of melting in suprasubduction-zone settings than at mid-ocean ridge spreading centers appear necessary to extract PGE from the mantle and to provide the possibility of concentrating them in ophiolitic chromitite. O'Hara et al. (2001) proposed that Pt and Pd are mostly extracted at a critical degree of mantle melting; further melting simply dilutes the magma in Pt and Pd, and this makes it less likely that the Pt and Pd will be concentrated early in the podiform chromitite. In ophiolite complexes, podiform chromitite is enriched in Pt and Pd where sulfur saturation of the magma has occurred early during the crystallization of the chromite. In Greece, there are Pt-and Pd-rich and Pt-and Pd-poor ophiolites (Konstantopoulou & EconomouEliopoulos 1991 , Economou-Eliopoulos 1996 , Tsoupas & Economou-Eliopoulos 2005 . A compilation of the major-element composition of spinel and the traceelement data in coexisting pyroxene in harzburgite covering the whole complex of Pindos is consistent with a high degree of partial melting in the mantle source sufficient to extract the PGE (Economou-Eliopoulos & Vacondios 1995 , Bizimis et al. 2000 . Podiform chromitite from Korydallos is Pt-and Pd-enriched, and the chromite has a lower Cr# and higher Mg# (Table  1) than that from Milia which is Pt-and Pd-poor. This finding supports the case that Pt and Pd extracted from the mantle at a critical melting point crystallized with chromite of lower Cr#. In contrast, sulfur saturation and enrichment in Pt and Pd did not occur at Milia, where a melt produced by a greater degree of mantle melting would have produced a chromitite with a greater Cr# and diluted the magma in Pt and Pd, resulting in Pt-and Pd-poor chromitite.
It is well known that an immiscible base-metalenriched sulfide liquid fractionates during crystallization of the silicate magma and that a Ni-Fe-rich monosulfide solid-solution (Mss) crystallizes first, followed by a Cu-Fe-rich intermediate solid-solution (Iss) phase to form magmatic ores in layered complexes such as Sudbury and Noril'sk, and that some PGE are concentrated in Mss, whereas others are concentrated in the more fractionated Iss (e.g., Barnes et al. 1997) . In ophiolite complexes, such a base-metal-enriched sulfide melt is rare, and the silicate magmas are, by comparison, sulfur-poor. However, the mineralogical associations of Pt with Ni, and Pd with Cu in these samples, suggest that the Pt and Pd were collected by the small fraction of base-metal-rich immiscible sulfide liquid and that the Pt collected in the Fe-Ni-rich Mss phase and the Pd with Cu-rich Iss. The presence of only a small amount of immiscible sulfide liquid led to very high concentrations of Pt and Pd within the sulfide liquid and to the presence of abundant Pt-and Pd-bearing PGM associated with the rare base-metal sulfides.
The PGM preserved now in these samples are predominantly alloys of Pt and Pd with the base metals Ni, Fe and Cu in solid solution. Platinum is more commonly alloyed with Ni and Fe, whereas Pd is more commonly alloyed with Cu, but alloys of all five of these elements are common. The Pd-bearing PGM also occasionally contain other metals such as Pb and Sn. The occurrence of Pt-Ni-Fe alloy surrounded commonly by Ni-Fe alloy and the rare presence of pentlandite associated with these alloys suggest that the Ni-Fe alloys are probably products of alteration of pentlandite. It is likely that the Pt has been expelled from solid solution in the pentlandite to form the alloys that are observed now in the samples; similarly Pd has probably been expelled from the base-metal sulfides and is now present in alloys of Cu. Thus, alteration has almost completely removed the sulfur from the Mss and Iss, leaving a Pt-Pd and base metal alloy assemblage.
Grains of alloy on the edges of sperrylite suggest that it has been altered partially to alloys (Fig. 3J) . There is evidence of mobility of the PGE and recrystallization at low temperatures, as shown by the elongate Pt-Fe-Ni grains of alloy along the edge of chromite grains and infilling cracks (Figs. 2G, H) . In addition, a Pt-Pd-Cu alloy fills a crack in chromite between PGM, and the PGE forming this alloy in the crack may have been derived from these PGM (Fig. 3N) .
Reports of occurrences of PGE oxides are becoming more common from ophiolite complexes (e.g., in New Caledonia: Augé & Legendre (1994) , in Vourinos: , in the southern Urals: , Cabo Ortegal: Moreno et al. (1999) . Prichard et al. (1994) described PGE oxides in the Shetland ophiolite and suggested that these PGM formed as a result of very late-stage alteration, possibly by surface weathering. The PGE hydroxides are unusual, and are also a result of late-stage alteration of PGM. The Pd oxides and hydroxides described in these samples from Korydallos support this suggestion, as they are located around other PGM and are very inhomogeneous. They are surrounded by secondary silicates, and it is possible that the oxides and hydroxides of Pd described here were produced by patchy weathering.
Enrichment in Os, Ir and Ru
The predominance of the Os-Ir-Ru alloys and PGM of the irarsite -hollingworthite -platarsite series at Milia, in contrast to Pt-and Pd-bearing PGM in the Korydallos chromitite (Tables 2-4) , is consistent with the PGE concentrations in the samples from each locality (Table 1) taken from Tarkian et al. (1996) . The enrichment in IPGE at Milia is a common feature shown also by the Skyros and Veria chromitite, although the levels of the IPGE exhibit a wide variation (Tsoupas & Economou-Eliopoulos 2005) .
On the basis of field and experimental data, inclusions of laurite in unaltered chromite have been interpreted as an early magmatic phase formed by direct crystallization of a basaltic magma (Constantinides et al. 1980 , Talkington et al. 1984 , Augé 1986 , Bacuta et al. 1990 , Ohnenstetter et al. 1999 . In contrast, the presence of members of the irarsite -hollingworthiteplatarsite solid-solution series and other Os-, Ir, Ru-and Rh-bearing PGM in PGE-enriched altered chromitite from some ophiolite complexes has been attributed to in situ alteration, remobilization and redeposition of the PGE (Tarkian & Prichard 1987 , Ahmed & Arai 2003 . Although there is a general acceptance of both the primary magmatic nature of the IPGE-enriched minerals hosted in chromitite and of remobilization of PGE at relatively low temperature during the postmagmatic stage, the relative timing of postmagmatic events and the alteration of the PGM is still uncertain. The IPGE enrichment at Veria, reaching 25 ppm total PGE and resulting in an abundance of PGM grains, may be related to postmagmatic processes covering a long period of deformation, beginning with plastic deformation in the asthenospheric mantle and culminating with brittle deformation in the crust (Tsoupas & Economou-Eliopoulos 2005) . At Milia, the IPGE-bearing PGM, including of Os-Ir-Ru-Rh alloys and sulfarsenides, are mottled and inhomogeneous, and have an outline that suggests alteration in situ, as they replace original primary PGM. The alloys and sulfarsenides may have replaced primary sulfur-bearing PGM that have had their sulfur removed during alteration, as has been observed in other IPGE-bearing PGM (Stockman & Hlava 1984 , Tarkian & Prichard 1987 .
CONClUSIONS
The PGM observed in the chromitite from the Pindos ophiolite complex, which contain concentrations of all six PGE, can be classified into two subgroups: the more Os-, Ir-and Ru-rich PGM assemblage at Milia, which reflect the greater concentration of these elements in the whole rocks, and the more Pt-and Pd-rich assemblages in the samples from Korydallos, which also is a representation of the higher concentrations of Pt and Pd in the whole rocks (Tarkian et al. 1996) . Previously, laurite, sperrylite and Pt-Fe-Ni alloys have been described from these chromitites (Tarkian et al. 1996) and this study has increased the variety of PGM observed to include a group of Cu-rich Pd-bearing minerals including oxides and hydroxides of Pd.
Despite at least two stages of alteration, the remobilization of PGE has taken place only on a very limited scale, and the very different PGM assemblages at both Milia and Korydallos show that IPGE concentrations and Pt-and Pd-rich PGM assemblages can exist in different podiform chromitite within one ophiolite complex. We propose that the Pt and Pd were collected by minor amounts of immiscible sulfide liquid in the Korydallos chromitite, and that alteration at both sites has produced a dominant assemblage of PGE and basemetal alloy minerals. 
